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1. 

SINGLE CRYSTALLINE GALLUMNITRDE 
THICK FILMI HAVING REDUCED BENDING 

DEFORMATION 

FIELD OF THE INVENTION 

The present invention relates to a thick, single crystalline 
gallium nitride film having a reduced bending deformation, 
and particularly to a high-quality single crystalline gallium 
nitride film having a thickness of 1 mm or greater which 
exhibits little bending deformation, and a method for the 
preparation thereof. 

BACKGROUND OF THE INVENTION 

A sapphire/gallium nitride laminate is a useful Substrate for 
a light emitting device (e.g., LED, LD) or other electronic 
devices, and it has been conventionally prepared by growing 
gallium nitride on a sapphire Substrate by metal organic 
chemical vapor deposition (MOCVD), hydride vapor phase 
epitaxy (HVPE), etc. Such a laminate, however, suffers from 
the problem of bending deformation due to the interfacial 
strain caused by the differences in the lattice parameter and 
thermal expansion coefficient between Sapphire and gallium 
nitride, as shown in FIG. 1 (11: sapphire, 12: gallium nitride). 
The degree of Such bending deformation of a sapphire/gal 
lium nitride laminate increases as the thickness of the gallium 
nitride (GaN) film formed on sapphire increases, adversely 
affecting the quality and productivity of electronic devices 
comprising the laminate. 

To solve the problem of bending deformation, there have 
been developed various methods of controlling the GaN/ 
Sapphire laminate interfacial state, e.g., a low temperature 
GaN buffer growth method (U.S. Pat. No. 5.290,393), a 
PENDEO method using artificially prepared pores (U.S. Pat. 
No. 6,177,688), anAIN buffer growth method (Applied Phys 
ics Letter, Vol. 53, p.185, 1988), and an AIN embossing 
growth method (U.S. Pat. No. 6,528,394). Such interface 
controlling methods may be applied to the growth of a few to 
a several tens um thickness film, but they are not suitable for 
growing a thick GaN film of several hundred um thickness 
due to the generation of cracks (13) on the film influenced by 
residual strain, as shown in FIG. 2. 

In order to inhibit the formation of cracks, EP 1946 718 
and 1 1 16827 Suggested a method comprising the steps of 
growing a GaN film (31) on a sapphire substrate (11) to a 
thickness of several ten or hundred Lim, separating the grown 
film (31) from the substrate so as to remove strain therefrom, 
and then further growing a separate GaN layer (32) on the 
separated GaN film, as shown in FIG. 3. However, this 
method requires the complicated Step of removing the Sub 
strate, and there still remains some strain on the separated 
film, which leads to the generation of generating bending 
deformation or cracks in the grown GaN layer. 

Also disclosed in J. of Crystal Growth, High-quality and 
crack-free GaN films grown on cracked Si-doped GaN tem 
plates, accepted in 2001, M. Hao et al., is a method of growing 
a GaN film having little cracks; comprising growing a Si 
doped GaN film on a sapphire substrate to a thickness of 
several um by metal organic chemical vapor deposition 
(MOCVD) to induce crack formation on the surface of the 
GaN film, and then growing a pure GaN layer thereon. How 
ever, this MOCVD method has the disadvantage that the film 
growth rate is too low to obtain a film having a thickness over 
several hundred Lum. Also the interfacial stress derived from 
the differences in the thermal expansion coefficient and lat 
tice constant between the sapphire substrate and the Si-doped 
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2 
GaN film is not great enough to propagate the cracks formed 
on the Si-doped GaN layer to the bottom of the sapphire 
substrate, and therefore, it is difficult to grow a GaN film 
having a thickness greater than 1 mm. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide a thick, freestanding GaN single crystal film hav 
ing little bending formation even at a thickness of several mm 
and a novel method for effectively growing such a GaN thick 
film. 

In accordance with one aspect of the present invention, 
there is provided a single crystalline gallium nitride film 
having a crystal tilt angle of C-axis to <0001 > direction per 
surface distance of 0.0022°/mm. 

In accordance with one aspect of the present invention, 
there is provided a method of preparing a freestanding, single 
crystalline gallium nitride (GaN) film comprising the steps 
of: 

i) growing a heavily Si-doped GaN film on a substrate to a 
thickness of 20 to 50 um using a hydride vapor phase 
epitaxy (HVPE) process, to induce the formation of 
cracks on the film; 

ii) cooling the substrate/heavily Si-doped GaN laminate 
obtained in step i) to propagate the cracks to the bottom 
of the substrate; 

iii) growing a GaN film on the crack-containing Substrate/ 
heavily Si-doped GaN laminate obtained in step ii) using 
an HVPE process; and 

iv) removing the crack-containing Substrate and heavily 
Si-doped GaN layer from the crack-containing sub 
strate/Si-heavily doped GaN/GaN film composite 
obtained in step iii) to obtain the GaN film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
invention will become apparent from the following descrip 
tion thereof, when taken in conjunction with the accompany 
ing drawings which respectively show: 

FIG.1: a schematic view showing the bending deformation 
occurred in a Sapphire/gallium nitride laminate; 

FIG. 2: a schematic view showing cracks generated in a 
Sapphire/gallium nitride laminate; 

FIG. 3: a schematic view showing the procedure for pre 
paring a GaN thick film according to a prior art method; 

FIGS. 4a and 4b: a schematic block diagram of the proce 
dure for preparing a GaN thick film according to the present 
invention; 

FIG.5: a microscopic photograph of cracks formed on the 
heavily Si-doped GaN layer obtained in Example according 
to the present invention; 

FIG. 6: a microscopic photograph of cracks formed in the 
sapphire/heavily Si-doped GaN laminate obtained in 
Example according to the present invention; 

FIG. 7: a microscopic photograph showing the removal of 
the sapphire substrate and heavily Si-doped GaN layer 
according to the procedure described in Example of the 
present invention; 

FIG. 8: a microscopic photograph of the freestanding GaN 
thick film obtained in Example according to the present 
invention; and 

FIG.9: the results obtained by X-ray diffraction analysis of 
the GaN thick film of Example according to the present inven 
tion. 
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DETAILED DESCRIPTION OF THE INVENTION 

The inventive method is characterized in that the growth of 
a GaN thick film is achieved by growing a heavily Si-doped 
GaN film on a sapphire substrate using an HVPE process 
which provides a high growth rate, which induces the gen 
eration of artificial cracks faster than that can be achieved by 
MOCVD. The cracks generated by fast growth of a Si-doped 
GaN film then propagate to the substrate, which renders the 
Si-doped layer and substrate Vulnerable to the subsequent 
removal treatment to disintegrate them, to obtain a freestand 
ing GaN film having a thickness of greater than several hun 
dred um. 
The inventive procedure for preparing a freestanding GaN 

thick film is schematically shown in FIGS. 4a and 4b. Spe 
cifically, a Sapphire Substrate (11) is placed in a reactor for 
HVPE, and a heavily Si-doped GaN film (41) is allowed to 
grow to a thickness that generates cracks. The resulting crack 
containing Sapphire/gallium nitride laminate is then cooled to 
400° C. or below, to allow the cracks to propagate to the 
bottom of the substrate. Thereafter, a pure GaN film (42) is 
grown on the crack-containing Substrate/Si-doped GaN lami 
nate using an HVPE process, and cooled to ambient tempera 
ture, followed by removing the crack-derived substrate (11) 
and the Si-doped GaN layer (41) from the pure GaN film (42), 
to obtain the desired freestanding GaN thick film. 

In the present invention, the sapphire substrate (11) desir 
ably has a crystal orientation of <0001 >, and the HVPE pro 
cess may be conducted at a growth temperature of 900 to 
1100° C. and a growth rate of 10 to 100 um/h. 

If the growth temperature is below 900° C., the mass dif 
fusion at the surface of the growing film becomes 
unsmoothly, lowering the crystallinity of the grown crystal. 
Whereas, if the growth temperature is higher than 1100° C. 
the growth rate becomes slow and the crystallinity of the 
grown layer becomes poor. 
The heavily Si-doped GaN film (41) may be grown by 

introducing gaseous HCl to a metallic Ga contained in a 
vessel installed in the reactor for HVPE maintained at a 
temperature of 600 to 900° C. to generate gaseous GaCl. 
Meanwhile, ammonia (NH) gas and a Si-precursor gas Such 
as silane (SiH) or dichlorosilane (SiH,Cl) are led into the 
reactor, to allow the reactions between GaCl, the Siprecursor, 
and the ammonia gas to take place on the Surface of the 
substrate. The volumetric ratio of the HCl gas, the ammonia 
gas and the Si-precursor gas may be controlled in the range of 
20:30:1 to 70:300:1. The heavily Si-doped GaN film (41) 
grown on the substrate may have a thickness of 20 to 50 um 
and a Si-doping concentration of 5x10" to 2x10" atoms/ 
cm. 
The crack-formed sapphire/heavily Si-doped GaN lami 

nate is preferably cooled to 200 to 400°C. in a conventional 
method, to allow the cracks generated in the GaN layer to 
propagate to the bottom of the substrate, which removes the 
strain originally present at the interface between the substrate 
(11) and the GaN film (41) before such a treatment. 
The growth of a pure GaN film (42) on the crack-formed 

substrate/heavily Si-doped GaN laminate may be also con 
ducted by using an HVPE method under growth conditions 
similar to those described previously until a desired film 
thickness is obtained. 

The removal of the crack-formed substrate/heavily 
Si-doped GaN layer from the newly formed GaN film (42) to 
obtain a desired free-standing GaN thick film may be con 
ducted by a conventional method using a laser, e.g., as dis 
closed in U.S. Pat. No. 6,652,648. At this time, the crack 
containing substrate/heavily Si-doped GaN layer is removed 
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4 
in the form of particles having an average size of several 
hundred um. The free-standing GaN single crystal thick film 
thus obtained may have an average diameter of 0.5 to 2 inches 
and a thickness of 200 to 1500 Lum. 
The degree of bending deformation of a GaN film may be 

evaluated by a value which represents the crystal tilt angle of 
C-axis to the <0001 a direction per surface distance, which is 
calculated from the difference in the center position of (002) 
X-ray rocking curve peaks measured at the central region of 
the film and at the edge region apart from the central region by 
a given distance, in combination with the central angle shift 
between the two regions. The value of crystal tilt angle rep 
resents the incline level of the crystal lattice caused by bend 
ing deformation, and therefore, the lower the value, the lower 
the bending deformation becomes. 

In accordance with the present invention, even if a GaN 
film is grown to a thickness of greater that 1 mm, the GaN film 
having a low tilt angle of C-axis to the <0001~ direction per 
crystal distance of 0.0022°/mm can be obtained. Besides a 
GaN film having a <0001 > equivalent direction plane, a GaN 
film having an off-angle surface plane below 7 from (0001) 
Surface plane, as we call on-axis Surface, may also have a 
crystal tilt angle of C-axis to the <0001 a direction per surface 
distance of 0.0022/mm. 
The inventive GaN thick film having a greater thickness 

and much reduced bending deformation, as compared with 
the prior GaN films can be beneficially used as a substrate for 
a luminescent device Such as an emitting diode. 
The present invention is further described and illustrated in 

the following Examples, which are, however, not intended to 
limit the scope of the present invention. 

EXAMPLE 

A sapphire Substrate of 2 inch diameter was placed in a 
reactor for HVPE, and gaseous ammonia (NH) was intro 
duced into the reactor at 900 to 1100° C. to allow the surface 
of the Substrate to be nitridated. Then, a gaseous mixture (mix 
ratio=10-30:1 by volume) of ammonia and HCl was intro 
duced into the reactor, followed by re-introducing gaseous 
ammonia to further nitridate the surface of the substrate 
again. 

Subsequently, an excessive amount of Ga was placed in a 
Ga-receiving vessel installed in the reactor, and gaseous HCl 
was introduced into the reactor through an inlet while main 
taining the reactor temperature at 600° C. or higher to gener 
ate gaseous GaCl. On the other hand, a mixture of ammonia 
and dichlorosilane (SiH,Cl) was led into the reactor through 
another inlet, to allow the mixture to react gaseous GaCl on 
the hot surface of the substrate to induce the growth of a 
heavily Si-doped GaN film to a thickness of 50 um. This film 
began to generate cracks at the interface between the Substrate 
and the GaN film. The volume ratio of ammonia, HCl gas, and 
dichlorosilane used in the above procedure was 20:30:1 to 
70:300:1, at a growth temperature of 950 to 1050° C., and the 
growth rate of the Si-doped GaN film was controlled at 20 to 
40 Lim/h. 
A microscopic photograph of the Si-doped GaN layer thus 

grown is shown in FIG. 5, which illustrates that a number of 
cracks having an even size distribution of several tens to 
several hundredsum were generated on the GaN layer. FIG. 6, 
a microscopic photograph of the cracks formed in the sap 
phire/Si-doped GaN laminate, shows that the cracks were 
present not only in the GaN layer, but also in the sapphire 
substrate. 

Subsequently, the sapphire/Si-doped GaN laminate was 
cooled to about 400° C. to propagate the cracks to the bottom 
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of the Substrate, and then, a pure GaN layer was grown on the 
Si-doped GaN film using an HVPE process under conditions 
similar to those described previously, to a thickness of 1 mm. 
The cracked substrate and Si-doped GaN layer were then 
removed using a 355 nm Nd:YAG eximer laser, to obtain a 
free-standing 1 mm thick GaN film. FIG. 7 is a microscopic 
photograph showing the removal of the Sapphire Substrate 
and the Si-doped GaN layer, and FIG. 8, a microscopic pho 
tograph of a free-standing, 1 mm thick GaN film thus 
obtained. 
The freestanding GaN film was analyzed by X-ray diffrac 

tion analysis to determine the difference in the half width of 
the XRD peaks at the central region of the film and the edge 
region apart from the central region by 18 mm. From the 
result shown in FIG.9, it can be seen that the crystal tilt angle 
at the edge region was 0.039°. That is, the GaN film had a 
crystal tilt angle of C-axis to <0001 > direction per surface 
distance of 0.0022/mm, which is much lower than that of any 
of the prior GaN Films. Further, the respective GaN film had 
a curvature radius of about 3 m, which is much greater than 
about 0.5 m of a conventional GaN film. Accordingly, it can 
be seen that the thick GaN film obtained by the inventive 
method has a unique characteristic of significantly reduced 
bending deformation even at a thickness of 1 mm or more. 

While some of the preferred embodiments of the subject 
invention have been described and illustrated, various 
changes and modifications can be made therein without 
departing from the spirit of the present invention defined in 
the appended claims. 
What is claimed is: 
1. A method of preparing a freestanding, single crystalline 

gallium nitride (GaN) film comprising the steps of 
i) growing a heavily Si-doped GaN film on a substrate to a 

thickness of 20 to 50 um using a hydride vapor phase 
epitaxy (HVPE) process, to induce the formation of 
cracks on the film; 
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ii) cooling the substrate/heavily Si-doped GaN laminate 

obtained in step i) to propagate the cracks to the bottom 
of the substrate; 

iii) growing a GaN film on the crack-containing Substrate/ 
heavily Si-doped GaN laminate obtained in step ii) using 
an HVPE process; and 

iv) removing the crack-containing Substrate and heavily 
Si-doped GaN layer from the crack-containing sub 
strate/Si-heavily doped GaN/GaN film composite 
obtained in step iii) to obtain the GaN film, 

wherein the single crystalline gallium nitride film has a 
crystal tilt angle of C-axis to <0001 > direction per sur 
face crystal distance of 0.0022/mm. 

2. The method of claim 1, wherein the substrate is sapphire. 
3. The method of claim 1, wherein in step i), the heavily 

Si-doped GaN film is grown by introducing HCl gas to a 
vessel containing a metallic Ga and maintained at an HVPE 
reaction temperature of 600 to 900° C. to generate gaseous 
GaCl, while separately introducing ammonia (NH) gas and a 
Si-precursor gas into the reactor, to allow the reactions 
between GaCl, the Siprecursor, and the ammonia gas to occur 
on the surface of the substrate. 

4. The method of claim3, wherein the HCl gas, the ammo 
nia gas and the Si-precursor gas are employed in a Volume 
ratio of 20:30:1 to 70:300:1. 

5. The method of claim 1, wherein the heavily Si-doped 
GaN film has a Si-doping concentration of 5x10" to 2x10' 
atoms/cm. 

6. The method of claim 1, wherein the HVPE process in 
step i) or iii) is conducted at a GaN film growth temperature of 
900 to 1100° C. 

7. The method of claim 6, wherein the HVPE process is 
conducted at a GaN film growth rate of 10 to 100 um/h. 

8. The method of claim 1, wherein in step ii), the laminate 
is cooled to 200 to 400° C. 

k k k k k 
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